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CHAPTER 5 CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORKS 
 
5.1 Conclusions 
Thirty-two (32) complexes  of Cu(II), Ni(II), Co(II), and Fe(II) were  successfully  
obtained  by  step-wise syntheses, and their structures, bandgap, lifetime, thermal, and 
mesomorphic properties determined. All complexes were obtained in good yields  
(60 – 98%). The  chemical  formulae  of  these  complexes  are  shown  in  Table  5.1, 
5.2, 5.3 and 5.4. 
Table 5.1 Chemical formulae of L1 complexes  
Complex Chemical Formula 
1 [Cu2(CH3COO)2(H2O)2(L1)] 
2 [Ni2(CH3COO)2(H2O)2(L1)] 
3 [Co2(CH3COO)2(H2O)2(L1)] 
4 [Fe3(CH3COO)4(H2O)3(L1)].H2O 
5 [Cu2(CH3(CH2)14COO)2(L1)] 
6 [Ni2(CH3(CH2)14COO)2(H2O)2(L1)] 
7 [Co2(CH3(CH2)14COO)2(H2O)2(L1)] 
8 [Fe2(CH3(CH2)14COO)2(H2O)2(L1)] 
 
Except Complex 4, which was a trinuclear Fe(II) complex, all other complexes 
with L1 were dinuclear.  The optical bandgaps from the CT absorption bands and 
lifetimes for all complexes were similar (3.4 eV– 3.9 eV; 2.7 – 3.1 ns).  This is 
consistent with the similar values of the bandgaps from the emission bands for all 
complexes (1.8 eV – 2.1 eV). The electrochemical bandgap can only be calculated for 
Cu(II) (0.2 eV) and Fe(II) (1.09 eV) complexes since the Ni(II) and Co(II) complexes 
were redox inactive. All complexes were paramagnetic and thermally stable  
(Tdec ~ 199 – 245 oC), and all hexadecanoate complexes (R’ = CH3(CH2)14COO) were 
mesomorphic. 
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Table 5.2 Chemical formulae of L2 complexes 
 
 
 
L2 
 
 
All complexes with L2 were made of mononuclear repeat units, and paramagnetic. 
The optical bandgaps from the CT absorption bands for all complexes were similar  
(3.5 eV– 3.8 eV). The lifetimes of the excited complexes were in the range of  
2.8 – 3.8 ns. The electrochemical bandgap can be obtained for Complex 9 (Cu(II) 
complex; 0.47 eV) only since Ni(II), Co(II) and Fe(II) complexes were redox inactive. 
All complexes were thermally stable (Tdec ~ 160 - 231 
oC), and only Ni(II) and Fe(II) 
hexadecanoate complexes (CH3(CH2)14COO) are mesomorphic. 
Table 5.3 Chemical formulae of L3 complexes 
 
 
 
 
 
 
 
 
 
 
Complexes of Cu(II), Ni(II), Co(II), and Fe(II) with L3 were made up of either 
mononuclear or dinuclear repeat units. All complexes were paramagnetic. The optical 
Complex Chemical Formula 
9 {[Cu(CH3COO)2(L2)].H2O}n 
10 {[Ni(CH3COO)2(L2)].2H2O}n 
11 {[Co(CH3COO)2(L2)].2H2O}n   
12 {[Fe(CH3COO)2(L2)].2H2O}n 
13 {[Cu(CH3(CH2)14COO)2(L2)].H2O}n 
14 {[Ni(CH3(CH2)14COO)2(L2)].2H2O}n 
15 {[Co(CH3(CH2)14COO)2(L2)].2H2O}n 
16 {[Fe(CH3(CH2)14COO)2(L2)].2H2O}n 
Complex Chemical Formula 
17 {[Cu(CH3COO)2(L3)]}n 
18 {[Ni2(CH3COO)4(L3)].5H2O}n 
19 {[Co(CH3COO)2(L3)].2H2O}n 
20 {[Fe2(CH3COO)4(L3)].2H2O}n 
21 {[Cu2(CH3(CH2)14COO)4(L3)].2H2O}n 
22 {[Ni2(CH3(CH2)14COO)4(L3)]}n 
23 {[Co(CH3(CH2)14COO)2(L3)]}n 
24 {[Fe(CH3(CH2)14COO)2(L3)].3H2O}n 
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bandgaps from the CT absorption bands for all complexes (except Complex 20) were 
similar (3.3 eV– 3.7 eV). Complex 20 {[Fe2(CH3COO)4(L3)].2H2O}n, has a lower 
optical bandgap (2.2 eV). The bandgaps from the emission bands for all complexes and 
lifetimes of all excited complexes were similar (1.9 eV – 2.1 eV; 2.7 – 3.0 ns). All 
complexes were thermally stable (Tdec ~ 180 -
 238 oC), and Cu(II), Ni(II), and Fe(II) 
hexadecanoate complexes were mesomorphic. 
Table 5.4 Chemical formulae of L4 complexes 
 
 
 
 
 
 
 
 
L4 
 
Lastly, complexes of Cu(II) and Co(II) with L4 were made up of mononuclear 
repeat units, while complexes of Ni(II) and Fe(II) were made up of dinuclear repeat 
units. The optical bandgaps from the CT absorption bands, lifetimes and bandgaps from 
the emission bands for all complexes were similar (3.6 eV– 3.8 eV; 2.5 – 2.8 ns;  
1.8 eV – 2.0 eV). Except for Complex 30 which was diamagnetic, all other complexes 
were paramagnetic. All complexes were thermally stable (Tdec ~ 168 -
 254 oC), and all 
hexadecanoate complexes (R’ = CH3(CH2)14COO) were mesomorphic. 
5.2 Suggestion for Future Work  
The complexes in this research were prepared by using metal(II) acetates and 
hexadecanoates. It would be interesting to compare their properties with ionic metal(II) 
Complex Chemical Formula 
25 {[Cu(CH3COO)2(L4)]}n 
26 {[Ni2(CH3COO)4(L4)]}n 
27 {[Co(CH3COO)2(L4))].2H2O}n 
28 {[Fe2(CH3COO)4(L4)].2H2O}n 
29 {[Cu(CH3(CH2)14COO)2(L4)]}n 
30 {[Ni2(CH3(CH2)14COO)4(L4)]}n 
31 {[Co(CH3(CH2)14COO)2(L4)].2H2O}n 
32 {[Fe2(CH3(CH2)14COO)4(L4)].2H2O}n 
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complexes of the same ligands, using non-coordinating counteranions such as BF4
- ion. 
This would also increase their solubility in polar solvents.  
It would also be interesting to use branched alkylcarboxylate ions as ligands, such 
as 2-hexyldecanoate ion, to form complexes with low melting temperatures in order to 
save thermal energy and reduce decomposition, and to use ligands with more extensive 
conjugations, such as shown in Figure 5.1, to form complexes with lower bandgap 
values. 
NN
OCnH2n+1H2n+1CnO  
Figure 5.1 A conjugated ligand 
 The mesomorphisms of  complexes  prepared  in  this  research  may  be  further 
ascertained  by low  angle  variable-temperature  PXRD [1].  
          In addition, other potential applications of these complexes may be studied. 
Examples are as spin crossover (SCO) materials in sensor and memory devices, and in 
thermoelectricity (a phenomena in which a temperature  difference  create  an  electric  
potential  or  an  electric  potential  creates  a temperature  difference) [2]. This may lead 
to numerous electric and electrical applications, such  as  thermoelectric  cooling of 
microelectronic products [3], thermoelectric converter  for  energy  conservation,  
wireless  sensor,  photon  sensing  devices  and  in waste-heat recovery [4]. 
References 
[1]  Hayami, S., Kojima, Y., Urakami, D., Ohta, K., Inoue, K., Polyhedron, 28 (2009) 
2053-2057. 
[2] Gural'skiy, I. A., Quintero, C. M., Costa, J. S., Demont, P., Molnar, G., Salmon, L., 
Shepherd, H. J., Bousseksou, A., Journal of Materials Chemistry C, 2 (2014) 2949-
2955. 
[3]  Kalyanasundaram, K., Grätzel, M., Coordination Chemistry Reviews, 177 (1998) 
347-414. 
[4]  Tritt, T. M., Annual Review of Materials Research, 41 (2011) 433-448. 
